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Wet-Etching Characteristics of Ge2Sb2Te5 Thin
Films for Phase-Change Memory
Huai-Yu Cheng, Chao-An Jong, Chain-Ming Lee, and Tsung-Shune Chin
Abstract—Etching of phase-change memory thin films is es-
sential in the processing for the manufacture of devices. The
Ge2Sb2Te5 thin film as a typical material for such purposes
can be control-etched by an aqueous solution of 20% nitric acids
(HNO3). It was found that the Ge2Sb2Te5 films in amorphous
state could be etched more uniformly than that in crystalline state.
The etch rate can be well controlled to be 4.6 nm/s using such a
solution, resulting in macroscopic and microscopic uniformity on
amorphous films. It is therefore suggested that the crystallization
annealing of Ge2Sb2Te5 thin films should be done after a wet
etching process in the manufacture of phase-change random
access memories.
Index Terms—Etching solution, ovonic unified memory (OUM)
random access memories (RAMs), phase-change memory, phase-
change RAM (PRAM), wet-etching.
I. INTRODUCTION
I N ORDER to fulfill the requirements for random accessmemory (RAM) of high speed, high density, nonvolatile,
and competitive cost, there are many emerging “memory
technologies” under development today, such as MRAM [1],
FERAM, and the phase-change memory, also called PRAM
or ovonic unified memory (OUM) [2]–[4]. In phase-change
memory, an electrical pulse is induced to pass through the
chalcogenide layer to switch it from the low conductive amor-
phous state to high conductive crystalline state. Consequently,
the archives can be stored by the two different states.
In the manufacture of the IC devices, etching is an essential
process in photolithography. Wet etching is a cheap and widely
applied method used in the manufacture of IC. Numerous
chemicals have been used in the wet etching of semiconductors.
For example, the etchant for the II-VI compound ZnSe can
be sodium hydroxide (NaOH) aqueous solution, or bromine
methanol solution [5]. And new ways of etching ZnSe were
unveiled, such as solutions of mixed and [6].
Chemical etching of chalcogenide PbS using a mixture of
hydrochloric and nitric acids was first found successful in 1957
[7]. In the 1960s, many researches reported the etching of PbTe
chalcogenide materials [8]. Specifically, an aqueous solution
of KOH and can be good etchant for PbSe and
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PbTe chalcogenide materials [9]. As far as we noticed, there
were no papers or patents reporting the wet etching of GeSbTe
materials.
It was the purpose of this study to explore suitable etching
solutions for wet etching of thin film, which is a
candidate material for emerging phase-change memory.
II. METHODS AND PROCEDURES
thin films were sputter-deposited onto
substrate by an RF magnetron sputtering process using a
target. The substrate used has a significant
color to identify whether the etching processes were complete
or not. The thickness of films was fixed at 370 10 nm.
The as-deposited films were in amorphous state; crystalline
films were obtained by annealing at 250 .
Aqueous solutions of HCl, , , ,
, , and , respectively, at different con-
centrations (by weight) were prepared as the etchants.
The etching rate was determined by a Talysurf instrument
(Form Talysurf S5, RTH). The topography of etched samples
in amorphous or crystalline state was examined by optical mi-
croscopy (OM). Atomic force microscopy (AFM) was also used
for detailed surface morphology of amorphous thin films after
wet etching. The roughness was also measured by AFM in order
to determine its uniformity.
III. RESULTS AND DISCUSSION
A. Applicable Etchant for Thin Films
The etching of films was tested firstly by con-
centrated acid solutions, including oxalic acid, perchloric acid,
acetic acid, sulfuric acid, phosphoric acid, hydrochloric acid,
and nitric acid, respectively. The etching ability to the films is
shown in Table I. It was found that thin films can
only be etched by nitric acid aqueous solution. Di-
luted solution will decrease etching rate and increase the time of
complete etching; thus, the whole etching process can be much
easier controlled. It is desirable that the etching time herein will
not be faster than 60 s yet not exceed 120 s for 2 cm 2 cm
samples. Several concentrations were tested. It was found ap-
plicable that at the concentration 20% (by weight) of the nitric
acid, etching time is 90 s. However, it spent 160 s for complete
etching upon decreasing concentration to 18%. It is concluded
that the optimal etchant for thin films is aqueous
solution of nitric acid solution at the concentration 20 1%.
And the discussion hereafter will be the wet etching behavior of
thin films under this condition.
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TABLE I
ETCHING CAPABILITY OF DIFFERENT ACID SOLUTIONS TO Ge Sb Te
THIN FILMS
Fig. 1. Topography of etched amorphous Ge Sb Te thin films at two
different etching time. (a) 10 s. (b) 50 s.
Fig. 2. Topography of etched crystalline Ge Sb Te thin films at two
different etching time. (a) 10 s. (b) 50 s.
B. Results of Etching for Amorphous and Crystalline
Thin Films
The topography of etched samples in amorphous and crys-
talline state is shown in Figs. 1 and 2, respectively. Etching
result of amorphous thin films is macroscopically
uniform and the etching processes could be layer by layer. Con-
sequently, the etching depth is easier determined. However, the
etching of crystalline thin films is quite not uniform.
A spiral pattern is found, as shown in Fig. 2. This indicates that
etching occurs along this spiral direction that arisen probably
from crystal growth. Spiral layers spalled during etching thus
leading to nonuniform surface. Hence, it is not suggested to etch
crystalline thin films directly, and it is meaning-
less to analyze etching rate and possible etching mechanisms of
these samples. All the following analyses will focus on etching
amorphous thin films.
It is interesting to know whether amorphous state
thin films can be etched microscopically uniform by using nitric
acids solution at the concentration 20 1%. AFM morphology
of etched amorphous thin films at different etching
Fig. 3. AFM morphology of etched amorphous Ge Sb Te thin films at
different etching time. (a) 0 s. (b) 20 s. (c) 40 s. (d) 50 s. (e) 70 s.
TABLE II
ROUGHNESS OF ETCHED AMORPHOUS Ge Sb Te THIN FILMS AT
DIFFERENT ETCHING TIME
time is shown in Fig. 3. Obviously, the morphology of sam-
ples at different etching time is similar. And their roughness,
displayed in Table II, increases from 0.31 to 13.85 nm with
increasing etching time. Although there is an increase in rough-
ness to 13.5 nm, it is still relatively flat. This implies feasible
to etch amorphous state thin films using nitric
acids solutions at concentration about 20% to attain
microscopic uniformity. Except uniformity, etching rate is also
important in etching processes. Etching depth of amorphous
thin films at different etching time is shown in
Fig. 4. It requires 90 s to completely etch the film. That’s why
the concentration of nitric acid solutions was diluted to 20%
to attain appropriate etching rate. The best end time of etching
process is about 1.5–2 min. Besides, the etching depth shows
a good linear relationship with etching time. Thus, etching
process can be well controlled.
It is proved again that we can etch amorphous
thin films uniformly and directly using nitric acids solutions
at a concentration of 20%.
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Fig. 4. Etching depths of amorphous Ge Sb Te thin films versus etching
time.
IV. CONCLUSION
It was found that thin films could be smoothly
etched by nitric acids. Amorphous thin films are easier to be
etched and more uniformly than the crystalline films. The
etching rate could be well controlled to be about 4.6 nm/s using
a 20% nitric acid solution with macroscopic and microscopic
uniformity on amorphous films. Therefore, it is suggested that
annealing of thin films to form crystalline state
should be done after wet etching process for the manufacture
of OUM devices.
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